ABSTRACT Unmodified standard gas chromatographs are reported to be useful for the determination of a large numb~r of ambient hydrocarbons.
The wige variety of organic compounds in air is of great interest in an environmental context. Rapidly increasing analytical efforts have been devoted to this problem during the last decade. Reviews of analysis of hydrocarbons (1) and a broader'range of organics (2, 3) in ambient air have been published. Sampling by adsorption, followed by thermal desorption combined with capillary gas chromatography can afford the high analytical resolution and sensitivity required.
Comprehensive studies, based on the useful organic polymer Tenax GC (~.~. [4] [5] [6] as well as other adsorbents (~.~. 7-9), have been published. So far, most applications have been on stationary sampling. Increased inter"est in human doses (10) is likely to produce a future trend towards flexible methods permitting exposure-related sampling as ~Jell.
Most published studies have involved much specialized and/or expensive equipment. Examples are cryogenic sampling, field ~tations, desorption ovens, modified GC injectors, cold traps or precolumns before the GC column, mass spectrometers and data treatment systems. This may well have discouraged the gas chromatographer without special funds and technical assistance from trying trace analysis of organic air pollutants. The purpose of the present work is to demonstrate the potential of standard GC equipment for this analytical problem.
The purpose is also to demonstrate the advantages for exposure~ related studies afforded by a combination with :ihexpens'ivepersonal monitoring pumps for sampling.
EXPERIMENTAL SECTION General approach. The injectors of most standard gas chromatographs are equipped with glass liners to provide an inert space for evaporation of .injected liquid samples. These liners are devised so that they can very easily be removed (for cleaning) and inserted again, A basic idea of the approach described is the use of such glass liners as adsorbent tubes.
The glass liner is filled with an appropriate adsorbent which is kept in place by plugs of glass wool or other inert material. The adsorbent is conditioned by placing the liner in the injector and passing carrier gas through at a proper temperature which is set on the gas chromatograph. During transport and storage, the adsorbent tubes are enclosed in glass tubes with stoppers to prevent undue adsorption. On taking a sample, the adsorbent tube is coupled to a personal sampling pump. The model chosen should be easy to carry anywhere and should permit accurate determination of the volume of air.
Analysis by thermal desorption and gas chromatograpy is greatly facilitated by this method of sampling. The proper desorption temperature is preset on the gas chromatograph. The glass liner with adsorbent is placed in the injector with the air inlet end towards the column, and the carrier gas desorbs organic compounds on passing Among specific artifacts, several straight-chain aldehydes, particularly the C 9 and C 10 species, were difficult to eliminate completely.
They appeared in larger amounts on contamination with certain fats and detergents and are likely to be formed by oxidation of olefinic and other linkages, especially in the injector at high temperature.
Measures to reduce these artifacts to the subnanogram level involved treatment of glass liners in sulphuric acid with dichromate, initial washing in methanol of teflon details and other equipment getting in contact with the adsorbent tubes, avoiding contact between skin and adsorbent tubes, avoiding fats, oils, soaps and organic detergents at the analytical work-place, and decreasing air leaks into the carrier gas and the injector.
The use of a silicon membrane in the injector cap to prevent carrier gas leakage gave rise to siloxane artifacts. These were virtually eliminated by using teflon-coated membranes covered by additional teflon discs. The membrane purge flow was not critical. The absence of disturbing artifacts from the chromatographic system was easily checked by blank runs.
The overall performance of the Tenax GC adsorbent was improved by soxhlet extraction in methanol for several hours. The major interfering artifacts formed from the adsorbent itself were found to be benzaldehyde and acetophenone. The resulting broad peaks could usually be reduced in size to insignificance by protecting the adsorption tube from light during sampling, transport, and storage.
Trace decomposition of the adsorbent is probably caused by reactive oxidants in the air. A method to prevent such reactions is the introduction of a reducing agent such as thiosulphate at the front end of the adsorption tube (11) . Sampling of severely contaminated air introduces metals, nitric acid (from nitrogen oxides), and other catalytically active components which were found to cause artifacts such as aldehydes on continued use. Therefore, the reservation of special adsorbent tubes for comparatively uncontaminated air reduced artifact problems considerably.
The recovery of trace amounts of hydrocarbons was studied by a comparison of the results obtained for small and large volumes of samples taken simultaneously at the same place. Recovery and possible artifact formation of hydrocarbons were also studied for samples taken simultaneously on Tenax GC and Carbopack B (cf. 7).
When observing the precautions discussed, no significant losses or artifact contributions were observed for the aliphatic and aromatic hydrocarbons studied.
RESULTS AND DISCUSSION
Applications. The chromatogram reproduced in Figure 1 illustrates the sensitivity and the resolution of the method. The selected results given in Table I demonstrate the versatility for different applications. The examples were chosen among many samples of each category so as to reflect typical concentration levels.
The aromatic hydrocarbons selected for Table I Peak identities supplementing the data given in Table I from automQtive a~sembly plants (13) with the analytic~l techriique described. As exp~cted, the hydrocarbon pattern is quite different from that of the traffic immissions. In addition to emission rates and the distance from the sources, weather parameters such as wind, precipitation and inversions influ·enced obs·erved concentrations significantly.
The examples given, ~.~. for .cycling, walking and car-driving, illustrate the potential of the method for exposure-related studies. 
